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Abstract 
Spectroscopic properties in Tb3+-doped SiO2-B2O3-Na2O-BaO (SBBN) glass have been investigated. It is noted that the 
Tb3+ single-doped SBBN glass exhibits intense green (545 nm) emission, obvious blue (493 nm) and yellow (588 nm) 
emission under the excitation of 365 nm, whose corresponding luminescent mechanism is also discussed. The 
concentration dependence of the emission intensity shows that the optimum Tb4O7 doping content is 1.0%mol. Effects of 
B2O3 substitution by SiO2 on spectroscopic properties have also been investigated in detail. The result shows that the 
substitution of SiO2 for B2O3 can effectively improve the luminescence properties of Tb3+, which makes SBBN glass more 
attractive for using in optical device. 
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1. Introduction 
With the rapid development of photovoltaic technology, rare earth (RE)-activated optical materials have 
attracted much attention due to their well-defined transitions emitting rich color within the 4f shell, which 
makes them dominate an important position in modern optics field, such as optical communications, solid-
state lighting devices, nonlinear optic etc[1,2]. Terbium is a highly effective element emitting fluorescence, and 
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Tb3+-activated phosphors and/or glass are widely used as solid-state lighting, Plasma display panels (PDP), 
field emission display (FED) flat panel monitors green material and laser material etc[3,4,5]. It is well known 
that red, green and blue LED can be combined to produce white light and development of blue-emitting 
conductors have led to the commercial production of white LED. White LED is becoming more and more 
attractive as a new type of solid-state lighting device because of a serials of advantage, such as high 
brightness, energy saving, good reliability, long lifetime, compact structure and pollution-free, compared to 
traditional incandescent and fluorescence lamps[1,4-6], and could be realized by the combination of blue chip 
and yellow phosphor . However, this type of white light has poor color rendering because of the color 
deficiency in red and blue-green region [4,7]. In order to improve the color deficiency it is urgent to search for 
novel host materials generating red and green emission that can be effectively excited in the near-UV range. 
Glasses as host materials replacing for phosphors are becoming an important and attractive class of materials 
for white LEDs due to their capability of decreasing the larger re-absorption loss of light in the process of 
using the combination of the LED chip and phosphor, which is induced by the reflection and refraction of 
power materials [8]. On the other hand, luminescent glass has gain much attention due to their excellent 
performance, such as low manufacturing cost, simple process, stable product quality, and easing to process 
into any type etc. In particular, it could be processed into concave and convex lenses to control the form of 
light output, which make it to be charming. In addition, replacing the coated-phosphor glass substrate with 
luminescent glass can simplify the manufacturing the process of the display unit, which is favorable to realize 
the highly integrated optical devices [8].Tb3+-doped phosphors have been extensively investigated in the past 
decades [9-11]. But effect of spectroscopic properties on component of host glasses in borosilicate glasses is less 
reported.  In this paper, we present the development and an experimental investigation on the optical 
spectroscopic properties of Tb3+-doped SiO2-B2O3-BaO-Na2O (SBBN) glasses. The concentration dependence 
of the emission intensity for Tb3+ ions and roles of B2O3 substitution by SiO2 on spectroscopic properties have 
also been investigated in detail. 
2. Experiments 
Table 1 Compositions of samples 
 
Sample The composition of glass mol%  Tb4O7 mol%  
B1 54 SiO2-26 B2O3-10 BaO -10Na2O - 
B2 60 SiO2-20 B2O3-10 BaO -10Na2O - 
B3 66 SiO2-14 B2O3-10 BaO -10Na2O - 
BT1 54 SiO2-26 B2O3-10 BaO -10Na2O 1.0 
BT2 60 SiO2-20 B2O3-10 BaO -10Na2O 1.0 
BT3 66 SiO2-20 B2O3-10 BaO -10Na2O 1.0 
T1 60 SiO2-20 B2O3-10 BaO -10Na2O 0.1 
T2 60 SiO2-20 B2O3-10 BaO -10Na2O 0.3 
T3 60 SiO2-20 B2O3-10 BaO -10Na2O 0.5 
T4 60 SiO2-20 B2O3-10 BaO -10Na2O 0.7 
T5 60 SiO2-20 B2O3-10 BaO -10Na2O 1.0 
T6 60 SiO2-20 B2O3-10 BaO -10Na2O 2.0 
F1 60 SiO2-20 B2O3-10 BaF2 -10Na2O 1.0 
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The molar composition of SBBN serial glasses are listed in Table 1. All samples were prepared using a 
conventional melting-quenching method from powders with analytical-reagent chemicals of Na2CO3, BaCO3. 
H3BO3, SiO2 and Tb4O7 (99.99%) in crucible for 20 min at around 1480 , then followed by a quenching in 
air on a stainless-steel plate. After annealing, all the samples were polished and cut into the size of 20 20 2.0 
mm3.  
The absorption spectra were measured with a PERKIN-ELMER Lambda 900 UV-Visible-NIR 
spectrophotometer in the range of 250-2500 nm with the resolution of 1 nm. The excited and emission spectra 
were obtained through a computer-controlled F96s fluorescence spectrofluorimeter. Raman scattering spectra 
were recorded in the range of 49-1000 cm-1 using a microscope spectrophotometer (model RM 2000, 
Renishaw) with 514.5 nm laser as an excitation source and the working power is 20 mW. All the optical 
measurements were performed at room temperature. And more, the preparation and measurement process of 
all samples is the same, including the thickness and surface quality of the samples.  
3. Result and discussion 
3.1 Absorption spectra 

































Fig.1. Absorption spectra of Tb3+-doped SBBN glasses a with different Tb3+ concentrations b with the SiO2 content increasing. 











































Fig. 2. Partial schematic energy level diagrams of Tb3+ ion. 
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Fig. 1(a) and (b) shows the absorption spectra in the range of 250-2500 nm for Tb3+-doped samples with 
different Tb3+ concentrations and the increase of substituted B2O3 content by SiO2 respectively. Each 
assignment corresponds to the excited level of Tb3+ ions. Six absorption bands of Tb3+ are observed in Fig. 1, 
centered at the respective wavelengths of 2187, 1897, 484, 376 351 and 317 nm for 7F6 7F3 7F6 7F1
7F6 5D4 7F6 5D3 7F6 5G3, 7F6 5H7 transition of Tb3+, respectively. As shown in Fig.1, the peak 
positions of absorption bands of Tb3+-doped samples do not change obviously with the increase of 
Tb3+concentration and the substituted SiO2 content for B2O3. Whereas the absorption intensity increases with 
increasing Tb3+ concentration monotonically. Wavelengths less than 300 nm are not observed because of the 
intrinsic bandgap absorption in the host glass, furthermore, the cut off band red-shift in accordance with the 
order of B1, B2 and B3 samples, which might be due to its interconfigurational transition making the UV-side 
absorption edge shifting toward longer wavelength side. The shape and the peak position of each transition for 
borosilicate glasses are very similar to those in RE3+-doped other host glasses [3]. Fig. 2 shows partial 
schematic energy level diagrams of Tb3+ ions.  
3.2. Emission and Raman spectra 
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Fig. 3. Excited and emission spectra of SBBN glasses as a function of Tb3+ concentration ex=365 nm , inset shows that concentration 
dependence of the integral emission intensity. 
Fig. 3 illustrates excitation and emission spectra in the range of 300-650 nm from Tb3+-doped SBBN 
glasses as a function of Tb3+ concentration. It can be observed that the excited peak is at 365 nm and emission 
spectra are essentially the same except for intensity for all Tb3+ concentration. The emission spectra of Tb3+ 
mainly originated from 5D3 7FJ and /or 5D4 7FJ (where J=1, 2, 3, 4, 5, 6) transitions [9 12]. Electronic 
transition of either 5D3 7FJ (blue emission) or successive 5D3 5D4 and 5D4 7FJ (green emission) appear 
when Tb3+ ions are excited by UV radiation. It was noted that Tb3+ ions could be excited to the higher 5L9 
levels and decay to lower levels non-radiatively to the 5D3 and 5D4 excited state as shown in Fig. 2. The 
emission spectra of Tb3+ strongly depend on the Tb3+ concentration. It could be observed that 5D3 emission is 
absent in the Tb3+-doped borosilicate glass because of cross-relaxation induced by a resonance between the 
adjacent Tb3+ ions, which can be described through the following equation[5,6]:5D3+7F6 5D4+7F0 and 
5D3+7F6 7F0+5D4. The emission spectra as shown in Fig.3 include four emission bands due to a group of 
typical 5D4 7FJ (J=3, 4, 5, 6) transition centered at 493 nm, 545 nm, 589 nm and 622 nm at the range of 450-
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650 nm, respectively. The main emission is the 5D4 7F5 transition at 545 nm with a prominent green light 
upon the excitation of 365 nm, which might be induced by a magnetic-dipole transition which obey to the 
selection rule of J= 1. The other emission bands centered at 492 nm, 589 nm and 622 nm is attributed to 
the electronic transitions 5D4 7FJ (J=6, 4, 3) of Tb3+[13,14 ].  
In Fig. 3 inset, the integral intensity of Tb3+-doped borosilicate glass at 493, 545, 588 and 622nm is plotted 
as a function of Tb3+ concentration. It is found that the integral intensity firstly increases up to 1.0 mol% with 
increment of the Tb4O7 content, and then decreases when Tb4O7 content continuously increases. Thus the 
optimum content is determined to be 1.0 mol% in borosilicate glass, which suggests that quenching effect is 
obvious in high Tb3+ concentration. Because the cluster or ions pair between Tb3+ ions is possibly formed in 
high Tb3+-doped concentration, which induces the quenching for absorbing energy. Further increasing Tb3+ 
concentration enhances the probability of interaction between Tb3+ ions and some impurity such as [OH] - 
group.Tb3+ ion could not effectively absorb the pumping energy leading to the quenching of pumping energy. 
In addition, it can be noticed that the 493 nm , 545 nm, 588 nm and 622 nm emission intensity is significantly 
enhanced with increasing Tb3+ concentration, and the increasing rate of 545 nm is much faster than that from 
493, 588 and 622nm emission.  
 
























Fig. 5. a Raman spectra of B1,B2 and B3 samples b . Emission spectra of Tb3+-doped SBBN glasses with the increase of 
substituted B2O3 content by SiO2 content increasing under the excitation of 365 nm   
The dependence of the emission intensity upon the substitution of BaO for BaF2 has also been investigated 
and the results are also presented in the graph of Fig.4. The spectra indicate the similar features and the 
emission spectra consist of the well-known 5D4 7FJ (J=6,5,4,3) level of the Tb3+[15]. It is noted that the 493 
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nm , 545 nm, 588 nm and 622 nm emission intensity is enhanced, especially the 493 nm and 545 nm emission 
intensity of T5 sample is about 2.5 and 2.8 times higher than that of F1 sample. This remarkable lowered 
intensity is caused due to the incorporation of BaF2 instead of BaO, which might be due to the incorporation 
of F- replacing with O2- by the modification of the glass structure and breaking the network structure. The 
dependence of Raman spectra of SBBN glass on the content of B2O3 instead of SiO2 is shown in Fig. 5(a).  
As shown in Fig.5(a), the spectra contain three bands peaking at 453, 795 and 1070 cm-1. The Raman 
bands at 1070cm-1 is ascribed to the Si-O-Si asymmetric stretching vibration, whose intensity increases with 
the increase of SiO2 content instead of B2O3 due to enhanced connected degree between tetrahedral [SiO4] and 
[SiO4] units. The peak centered at 795 cm-1 can be assigned to stretching vibration of B-O-B bridge and is 
related to the polybrate groups, such as (B3O6)3-, (B5O2)-1 etc[16], which were composed of  [BO4] and [BO3] 
units. The 453 cm-1 could be ascribed to the vibration of [BO3] unit in boron-oxygen ring. The intensity of the 
Raman bands at 453 cm-1 and 795 cm-1 decrease with increasing the substituted B2O3 content by SiO2 
indicating that [BO3] and [BO4] groups decrease. 
It is well established that [SiO4] tetrahedra are the dominant structure units in the network of silicate 
glasses, and planar [BO3]- groups and [BO4]3- tetrahedral units arise in borosilicate glass due to the 
incorporation of B2O3 as the glass network[16,17]. RE3+ ions possess large ionic radii and high field strength
which make them occupy sites of a higher coordination number and not hold tetrahedral sites of the glass 
network. Tb3+ ions could be well separated due to the three-dimensional frameworks of borosilicate glasses. 
With the increase of B2O3 content, the structure of three-dimensional frameworks in borosilicate glasses 
decrease, and Tb3+ can not be so well developed due to the incorporation of two-dimensional [BO3] triangles, 
which increase the chance of Tb3+ ions cluster at a lower concentration improving the self-quenching 
probability.  
Fig. 5(b) illustrates emission spectra of the Tb3+-doped SBBN glasses in the wavelength ranging 400-650 
nm with the increase of SiO2 content instead of B2O3. It is clearly observed that the 493 nm and 545 nm 
emission intensity show a firstly increasing and then decreasing trend with increasing the content of SiO2 
substitution for B2O3, which might be due to the modification of the glass structure and strengthening the 
network structure by the replacement of B2O3 by SiO2. It is obvious that the 493 nm and 545 nm emission 
intensity reaches the maximum value, which is about 6.0 mol%. The emission intensity decreases with the 
substituted B2O3 content by SiO2 beyond 6.0 mol%. It might be because the network structure of SBBN glass 
is destroyed due to boron abnormal phenomenon.  
Based on their emission performance as are discussed and explained in the respective figures of the present 
work, it is shown that the emission intensity in the wavelength ranging 400-650 nm can be enhanced by 
changing the activator concentration and the glass matrix composition. We conclude these Tb3+-doped SBBN 
glasses could be suggested as promising towards the development of green emission materials applied in 
white LED. 
4. Conclusion 
In summary, the spectroscopic properties of Tb3+-doped SiO2-B2O3-BaO-Na2O glasses have been 
investigated for white LED. It is noted that the Tb3+-doped SBBN glass exhibits intense green (545 nm) 
emission, obvious blue (493 nm), yellow (588 nm) and weak red (622) emission under the excitation of 365 
nm, corresponding to 5D4 7FJ (J=5, 6, 4, 3) of Tb3+, and the optimum content is determined to be 1.0 mol% 
in borosilicate glass. The substitution of SiO2 for B2O3 can effectively improve the luminescence properties of 
Tb3+, and the replacement of BaF2 for BaO decrease emission spectra of Tb3+. The result shows that the 
emission intensity in the wavelength ranging 400-650 nm can be enhanced by changing the activator 
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concentration and the glass matrix composition, which makes SBBN glass more attractive for using in optical 
device. 
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